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An image processing device, includes: an obtaining unit
which successively obtains a plurality of images; a synthesis
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obtained by the obtaining unit to generate a synthesis image
when the obtaining unit obtains the images; a first judgment
unit which judges whether the synthesis image contains a
feature region having a predetermined feature when the syn-
thesis image is generated by the synthesis unit; and a control
unit which makes predetermined processing be executed
when the first judgment unit judges that the synthesis image
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FIG.14

( CUT-OUT IMAGE GENERATION PROCESSING )
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IMAGE PROCESSING DEVICE THAT
SYNTHESIZES IMAGE

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application is based upon and claims the benefit of
priority from the prior Japanese Patent Application No. 2011-
198975, filed on Sep. 13, 2011, the entire contents of which
are incorporated herein by reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to an image processing device
having a function of synthesizing captured images, an image
processing method, and a recording medium for recording a
program for image processing.

2,Description of Related Art

Conventionally, there have been technologies to generate a
synthesis image (for example, a panoramic image) by super-
imposing partial regions of a plurality of images obtained by
continuous capturing (for example, see the Japanese Unex-
amined Patent Application Publication No. 2009-65460).

However, in a case of cutting out a desired partial image
region from a generated synthesis image, it is difficult to
determine a final cut-out region of the synthesis image before
images are captured. Therefore, synthesis of unnecessary
image regions that are not in the cut-out image, and capture of
images containing said unnecessary image regions are carried
out wastefully.

It is desirable that a synthesis image can be generated more
efficiently.

SUMMARY OF THE INVENTION

According to an aspect of the present invention, there is
provided an image processing device, including:

an obtaining unit which successively obtains a plurality of
images;

a synthesis unit which partially superimposes the plurality
of images obtained by the obtaining unit to generate a syn-
thesis image when the obtaining unit obtains the images;

a first judgment unit which judges whether the synthesis
image contains a feature region having a predetermined fea-
ture when the synthesis image is generated by the synthesis
unit; and

a control unit which makes predetermined processing be
executed when the first judgment unit judges that the synthe-
sis image contains the feature region.

According to another aspect of the present invention, there
is provided an image processing method by an image pro-
cessing device, the method including:

successively obtaining a plurality of images;

partially superimposing the obtained plurality of images,
to generate a synthesis image;

judging whether the synthesis image contains a feature
region having a predetermined feature when the synthesis
image is generated; and

making predetermined processing be executed when the
synthesis image is judged to contain the feature region.

According to still another aspect of the present invention,
there is provided a non-transitory recording medium which
records a program to make a computer of an image processing
device to function as:

an obtaining unit which successively obtains a plurality of
images;
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a synthesis unit which partially superimposes the obtained
plurality of images to generate a synthesis image;

a judgment unit which judges whether the synthesis image
contains a feature region having a predetermined feature
when the synthesis image is generated; and

a control unit which makes predetermined processing be
executed when the synthesis image is judged to contain the
feature region.

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings, which are incorporated in
and constitute a part of the specification, illustrate presently
preferred embodiments of the present invention and, together
with the general description given above and the detailed
description of the preferred embodiments given below, serve
to explain the principles of the present invention in which:

FIG. 1 is a block diagram showing a schematic configura-
tion of a capturing device according to a first embodiment to
which the present invention is applied;

FIG. 2 is a flowchart showing an example of a flow of
cut-out image generation processing;

FIG. 3 is a flowchart showing an example of a flow of
capturing stopping condition judgment processing;

FIG. 4 is a schematic view showing an example of captur-
ing position change during continuous capturing;

FIGS. 5A and 5B are views showing an example of a
synthesis image generated by superimposing and adding par-
tial regions of a plurality of images to each other;

FIG. 6 is a view showing an example of detection of a
feature region which contains a face region;

FIGS. 7A and 7B are views showing an example of align-
ment between a position of a feature region in a synthesis
image and a position of a feature region specified by a desig-
nated composition;

FIGS. 8A and 8B are views showing an example of align-
ment between a position of a feature region in a synthesis
image and a position of a feature region specified by each of
a plurality of designated compositions;

FIGS. 9A and 9B are views showing an example of cutting
out of a part of an image region from a synthesis image;

FIG. 10 is a view showing an example of notification that a
feature region is included in a synthesis image;

FIG. 11 is a view showing an example of notification when
itis judged that a synthesis image contains an image region in
which a feature region is present at a position specified by a
designated composition;

FIG. 12 is a view showing an example of notification when
itis judged that a synthesis image contains an image region in
which a feature region is present at a position that is respec-
tively specified by all of a plurality of designated composi-
tions;

FIG. 13 is a block diagram showing a schematic configu-
ration of a capturing device according to a second embodi-
ment to which the present invention is applied; and

FIG. 14 is a flowchart showing an example of a flow of
cut-out image generation processing executed by the captur-
ing device according to the second embodiment.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENT

Specific embodiments of the present invention will be
explained below with reference to the drawings. It should be
noted, however, that the scope of the invention is not limited
to the illustrated examples.

[First Embodiment]
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A capturing device 100 according to a first embodiment
successively obtains a plurality of images taken through con-
tinuous capturing, successively generates a synthesis image
by superimposing and adding partial regions of the plurality
of'images obtained, judges whether the synthesis image con-
tains a feature region which has a given feature, every time the
synthesis image is generated successively, and performs
image processing to notify that the feature region is contained
in the synthesis image when it is judged that the synthesis
image contains the feature region.

FIG. 1 is a block diagram showing a schematic configura-
tion of the capturing device 100 according to the first embodi-
ment to which the present invention is applied.

Asillustrated in FIG. 1, the capturing device 100 according
to the first embodiment is provided with a lens unit 1, an
electronic capturing unit 2, a capturing control unit 3, an
image data generation unit 4, an image memory 5, an image
processing unit 6, a display control unit 7, a display unit 8, a
recording medium control unit 9, an operation input unit 10,
and a central control unit 11.

Further, the capturing control unit 3, the image processing
unit 6, and the central control unit 11 are designed as, for
example, a custom LSI 1A.

The lens unit 11 includes a plurality of lenses such as a
zoom lens and a focus lens.

Although not shown in the drawings, the lens unit 1 may
also include a zoom driver which moves the zoom lens in an
optical axis direction, and a focus driver which moves the
focus lens in the optical axis direction, when an image of a
subject is captured.

The electronic capturing unit 2 includes an image sensor
such as a charge coupled device (CCD) and a complementary
metal-oxide semiconductor (CMOS), and converts an optical
image which has passed through various lenses of the lens
unit 1 into a two-dimensional image signal.

The capturing control unit 3 includes a timing generator, a
driver, and so on of which illustrations are omitted. The cap-
turing control unit 3 drives the electronic capturing unit 2 to
scan by using the timing generator and the driver, and causes
the electronic capturing unit 2 to convert an optical image into
a two-dimensional image signal in a given cycle, read out an
image frame for each screen from a capturing region of the
electronic capturing unit 2 and output the image frames suc-
cessively to the image data generation unit 4.

The capturing control unit 3 also controls adjustments of
capturing conditions for a main subject, such as auto focus
(AF), auto exposure (AE), and auto white balance (AWB).

The image data generation unit 4 carries out gain control as
necessary for respective color components of RGB with
respectto an analog signal of an image frame transferred from
the electronic capturing unit 2. Then, after sampling and
holding the analog signal using a sample-hold circuit (not
illustrated) and converting the same into digital data, the
image data generation unit 4 carries out color processing
including pixel interpolation and gamma control using a color
processing circuit (not illustrated), and generates a luminance
signal Y and color difference signals Cb and Cr (YUV data) in
digital values as image data.

The image data outputted from the color processing circuit
is DMA transferred by a non-illustrated DMA controller to
the image memory 5 which is used as a buffer memory. As
shown in FIG. 4, the capturing device 100 according to this
embodiment is a capturing device which is able to perform
continuous capture of a plurality of images which are
regarded as different images respectively as a user changes
orientation and position of image capture conducted by the
capturing device 100. During the continuous image capture,
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the capturing control unit 3 causes the electronic capturing
unit 2 to sequentially read out an image frame for each screen
from a capturing region of the electronic capturing unit 2 and
output the same to the image data generation unit 4 one after
another, and the image data generation unit 4 successively
generates image data.

The image memory 5 includes, for example, a DRAM, and
temporarily stores image data which is transferred from the
image data generation unit 4. The image memory 5 also
temporarily stores data processed by the image processing
unit 6 and the central control unit 11.

The image processing unit 6 is provided with an image
obtaining unit 6a, a synthesis unit 65, a feature region judg-
ment unit 6¢, and a cut-out image generation unit 6/

The image obtaining unit 6a functions as obtaining unit
which successively obtains a plurality of images captured
continuously.

More specifically, the image obtaining unit 6a successively
reads out and obtains image data which, for example, has
been captured through collaboration of the lens unit 1, the
electronic capturing unit 2 and the capturing control unit 3,
generated by the image data generation unit 4, and stored in
the image memory 5.

In this embodiment, the image obtaining unit 6a reads and
obtains new image data every time the new image data is
generated by the image data generation unit 4 and stored in
the image memory 5, which, however, is only an example and
the present invention is not limited thereto. For instance, the
image obtaining unit 6a may check whether there is any
image data in the image memory 5 which has not been
obtained every time a certain period of time elapses, and, if
there is image data which has not been obtained, the image
obtaining unit 6a may obtain the data. The synthesis unit 65
functions as synthesis unit which synthesizes a plurality of
images obtained by the image obtaining unit 6a (for example,
images P1, Pn, and Pn+1 shown in FIGS. 5A and 5B) by
superimposing and adding partial regions of these images and
successively generates a synthesis image (for example, a syn-
thesis image Dn in FIG. 5B).

Specifically, the synthesis unit 65 executes, for example,
block matching processing in order to align image regions of
a plurality of pieces of image data obtained by the image
obtaining unit 6a,In this case, the synthesis unit 65 seeks a
position (or a corresponding region) where a pixel value
contained in one of the image regions of the plurality of pieces
of image data optimally matches a pixel value in an image
region of other image data. Then, the synthesis unit 65 super-
imposes and adds the corresponding regions to one another
which showed the best evaluation value of pixel value differ-
ence (for example, a sum of squared difference (SSD) or a
sum of absolute difference (SAD)) and generates a synthesis
image. Also, the synthesis unit 65 outputs the generated syn-
thesis image to the image memory 5. The synthesis image Dn
is an image in which the overlapped parts of the image regions
of'the plurality of pieces of image data obtained by the image
obtaining unit 6a are united as one piece of image data, and
the non-overlapped parts of the same become an image con-
taining an image region created by adding all the image
regions of the plurality of pieces of image data. In other
words, every time the synthesis image Dn is synthesized with
an image which contains image regions overlapping and not
overlapping the image region of the synthesis image Dn, the
non-overlapping image region is added to the synthesis image
Dn.

In this embodiment, the synthesis unit 65 successively
generates synthesis image data whenever image data is
obtained by the image obtaining unit 6a, which, however, is
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only an example and the present invention is not limited
thereto. For example, the image obtaining unit 6@ may check
whether there is any new image data obtained by the image
obtaining unit 64 every time a certain period of time elapses,
and, ifthere is any new image data obtained, the synthesis unit
65 may generate synthesis image data using the image data.

Further, the synthesis unit 65 outputs sequentially-gener-
ated synthesis image data to the image memory 5 one after
another. In short, the synthesis unit 65 successively updates
synthesis image data stored in the image memory 5.

FIG. 5B illustrates an example where the three images P1,
Pn, and Pn+1 obtained through continuous capturing of sub-
jects shown in FIG. 5A are synthesized, however, the same
applies to synthesis of two images or four or more images.
Also, in a case where the image obtaining unit 6a obtains new
image data after synthesis image data is generated, the syn-
thesis unit 65 synthesizes the new image data into the synthe-
sis image data which has been already generated, and outputs
the new synthesis image data to the image memory 5. Further,
the synthesis unit 65 may omit synthesis of new image data
when the whole image region ofthe new image data is already
contained in the image region of the synthesis image data
which has been already generated.

Yet further, as synthesis image data is generated, the syn-
thesis unit 65 reduces the image region of the generated
synthesis image data by a given scale factor in horizontal and
vertical directions, successively generates the reduced image
data with a low resolution for display, and has the image
memory 5 store the reduced image data.

The synthesis unit 65 may generate a synthesis image after
performing various types of image processing on a non-syn-
thesis image or a synthesis image. For example, in a case
where corresponding regions of a plurality of non-synthe-
sized images are captured in different zoom scales, the syn-
thesis unit 65 may equalize the size of the corresponding
regions of the plurality of images by conducting reducing or
magnifying processing to change a part of or entire zoom
scale of the plurality of images. When a synthesis image has
a distortion because a plurality of images were obtained in
different capturing conditions such as capturing angles, the
synthesis unit 65 may also correct such a distortion before or
after the image is synthesized.

The feature region judgment unit 6¢ includes a feature
region detection unit 6d.

The feature region detection unit 64 stores feature point
data which is used to recognize a human face in an image
region, and performs feature region detection processing to
detect feature points which correspond to a face region in a
synthesis image Dn based on the feature point data. In such a
case, for example, when the synthesis image Dn contains an
image region with a certain level or higher level of similarity
to the feature point data, the feature region judgment unit 6¢
detects the image region as a feature region F, as illustrated in
FIG. 6. The feature region judgment unit 6c¢ functions as a
judgment unit which judges whether a synthesis image con-
tains a feature region having a predetermined feature, every
time the synthesis image is successively generated by the
synthesis unit 6.

To be more specific, as illustrated in FIG. 6, for example, in
a case where the feature region F is detected by the feature
region detection unit 64 in the synthesis image Dn, the feature
region judgment unit 6¢ judges that a feature region is con-
tained in a synthesis image. Meanwhile, in a case where an
image region having a certain level or higher level of similar-
ity to feature point data is not included in a synthesis image
and a feature region is not detected by the feature region
detection unit 64, the feature region judgment unit 6¢ judges
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that a feature region is not included in a synthesis image. It
should be noted that recognizing a face region as a feature
region is an example only, and the feature region is not limited
thereto. For instance, the feature region may be an image
region which corresponds to an image of not only a human
face area but also other body area of a human being, such as
an upper half of a human body including a face region and an
area of a whole human body. The feature region may also be
animage region corresponding to a shape of buildings such as
towers, and an image region corresponding to a certain geo-
logical form (for example, mountains). Further, the feature
region judgment unit 6¢ may detect a plurality of feature
regions from a synthesis image.

The feature region may also be a specific object (such as a
certain type of human face or body shape, a certain article,
and landmarks). In this case, the feature point data is data with
which such specific object can be specified. The feature
region judgment unit 6¢ is also provided with an alignment
unit 6e.

In a case where it is judged by the feature region judgment
unit 6¢ that a feature region is included in a synthesis image
and a composition is designated, the alignment unit 6e aligns
the position of the feature region detected in the synthesis
image to the position of a feature region in the designated
composition.

For example, when a composition designated through the
operation input unit 10 (for example, a composition V1
shown in FIG. 7A) is such a composition that defines a posi-
tion of a feature region in a cut-out region (for example, a
position Q1 shown in FIG. 7A) from a synthesis image (for
example, a synthesis image Dn shown in FIG. 7B), the align-
ment unit 6e calculates coordinates of pixels contained in the
feature region (for example, a feature region F shown in FIG.
7B) in the image region of synthesis image data based on the
position of the feature region contained in the image region of
the synthesis image data, and carries out processing to align
the calculated coordinates to the coordinates which indicate
the position Q1 of the feature region in the image region to be
cut out (cut-out region) defined by the composition. In other
words, in the case of example illustrated in FIGS. 7A and 7B,
the alignment unit 6e conducts alignment processing in order
to identify relative positions of the cut-out region and the
synthesis image Dn, in the case where the feature region F in
the synthesis image Dn is located at the position Q1, based on
the coordinates.

Also, when a plurality of compositions are designated, the
alignment unit 6e performs alignment processing with
respect to each of the compositions (for example, the compo-
sition V1 shown in FIG. 7A and a composition V2 shown in
FIG. 8A).

For example, the composition V1 illustrated in FIG. 7A has
a vertically-long rectangular cut-out region and specifies the
position Q1 of the feature region in an upper part of the
cut-out region to the left. The composition V2 illustrated in
FIG. 8A has a vertically-long rectangular shape with a cut-out
region larger than that of the composition V1, and specifies a
position Q2 of a feature region near the center of the cut-out
region to the right. Like an example shown in FIG. 8B, when
these compositions V1 and V2 are designated, the alignment
unit 6e aligns the feature region F in the synthesis image Dn
to the positions Q1 and Q2 of the feature regions respectively
specified by the compositions V1 and V2.

In a case where a composition is designated in which a
position of a feature region in a cut-out region is specified by
the cut-out image generation unit 6f from a synthesis image,
the feature region judgment unit 6¢ may judge whether the
synthesis image contains an image region which has a feature
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region at the position specified by the designated composi-
tion, every time a synthesis image is sequentially generated
by the synthesis unit 65.

For example, when the composition V1 shown in FIG. 7A
is designated through the operation input unit 10, the feature
region judgment unit 6¢ may have the alignment unit 6e
identify relative positions of a cut-out region and the synthe-
sis image Dn in a case where the feature region F in the
synthesis image Dn is located at the position Q1 as shown in
FIG. 7B, every time synthesis image data is generated by the
synthesis unit 65 successively. Then, based on the relative
positions identified, the feature region judgment unit 6¢ may
judge whether synthesis image data is generated in which the
feature region F is contained at the position Q1 specified by
the designated composition V1 and the synthesis image data
containing an image region corresponding to the entire cut-
out region. That is, in a case where an image region contains
a feature region, and the feature region contained in the image
region of synthesis image data is located at a position of a
feature region specified in a cut-out region in accordance with
a designated composition, the feature region judgment unit 6¢
may judge whether synthesis image data which contains an
image region corresponding to the entire region of the partial
image region (hereinafter referred to as a complete synthesis
image data) has been generated.

Capturing may be stopped when the feature region judg-
ment unit 6¢ judges that a synthesis image contains an image
region in a composition having a feature region.

To be specific, for example, when it is judged by the feature
region judgment unit 6¢ that complete synthesis image data
has been generated by the synthesis unit 65 with respect to a
designated composition, the capturing control unit 3 may
cause the electronic capturing unit 2 to stop conversion of an
optical image into an image signal. At the same time, the
capturing control unit 3 may cause the electronic capturing
unit 2 to stop the processing of reading out an image frame for
each screen from the capturing region thereof and output the
same to the image data generation unit 4. Here, the capturing
control unit functions as a stopping unit which stops image
capturing executed by a capturing unit.

In a case where a plurality of compositions are designated,
the feature region judgment unit 6¢ may judge, with respectto
the each of the compositions, whether a synthesis image that
is successively generated by the synthesis unit 65 contains an
image region which has a feature region at a position specified
by each of the compositions.

For instance, in a case where the composition V1 illustrated
in FIG. 7A and the composition V2 illustrated in FIG. 8A are
designated via the operation input unit 10, the feature region
judgment unit 6¢ may judge, with respect to each of the
designated compositions V1 and V2, whether a synthesis
image data (for example, the synthesis image Dn shown in
FIG. 8B) which is successively generated by the synthesis
unit 65 contains a feature region at the positions Q1 and Q2 of
feature regions specified by the compositions V1 and V2,
respectively. In other words, the feature region judgment unit
6¢ may judge whether complete synthesis image data which
corresponds to all the plurality of designated compositions
has been generated.

Further, with regard to any composition or a plurality of
compositions designated, capturing may be stopped when it is
judged that a synthesis image contains an image region in
which a feature region exists at a position specified by the
compositions.

The foregoing explanation with reference to FIG. 8B
describes a case where the two compositions V1 and V2 are
designated, however, the same applies to a case where three or
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more compositions are designated. When a plurality of com-
positions are designated, different feature regions may be
specified by the respective compositions. Also, compositions
are not limited to the examples illustrated in FIGS. 7A, 7B,
8A and 8B.

Compositions to be designated include, for example, a
horizontal line composition, a vertical line composition, an
inclined line composition, a diagonal line composition, a
radial line composition, a curvilinear composition, an
S-shaped composition, a triangle composition, an inverted
triangle composition, a contrasting or symmetrical composi-
tion, a tunnel composition, a pattern composition, as well as
other various types of compositions. The horizontal line com-
position is a composition in which a horizontal line or a line
along the horizontal line is emphasized or suggested by a
subject on the horizontal line in a cut-out region (for example,
a border line between the horizon and sky). The vertical line
composition is a composition in which a line in a direction
orthogonal to the horizontal line is emphasized or suggested
by a subject along the direction in a cut-out region. The
inclined line composition is a composition in which a line in
a vertical direction is emphasized or suggested by a subject
along the lines in an inclined direction at approximately the
same angle in the inclined direction in a cut-out region. The
diagonal line composition is a composition in which the
inclined line in the inclined line composition is used as a
diagonal line of a cut-out region. The radial line composition
is a composition which contains a subject which spreads out
in a radial fashion from a single point or a partial region in a
cut-out region. The curvilinear composition is a composition
which includes a subject which curves or a plurality of sub-
jects arranged to a curve in a cut-out region. The S-shaped
composition is a composition which includes a subject which
curves like an S shape or a plurality of subjects arranged in an
S-shape curve in a cut-out region. The triangle composition is
a composition which contains a subject in a triangle shape
having one vertex on the sky side because an image of the
subject is captured so that the base (or the earth) side thereof
is relatively large and the upper (or the sky) side thereof is
relatively small in a cut-out region. The inverted triangle
composition is a composition which contains a subject in an
inverted triangle shape having one vertex on the earth side
since an image of the subject is captured so that the base (or
the earth) side thereof is relatively small and the upper (or the
sky) side thereof is relatively large in a cut-out region. The
contrasting or symmetrical composition is a composition
which contains two subjects or more which have or suggest a
contrast or symmetric relation with each other along a given
boundary which divides a cut-out region into two. The tunnel
composition is a composition which contains a subject in
which a point or a partial region is relatively bright, and a
region which spreads out in a radial fashion from the point or
the partial region is relatively dark in a cut-out region. The
pattern composition is a composition in which an alignment
of a plurality of subjects in a cut-out region forms a certain
pattern.

The capturing device 100 stores composition data which
corresponds to each of the compositions to be designated. The
composition data may be stored, for example, in a non-illus-
trated storage device (for example, a flash memory) or in a
recording medium 9« and the like provided in the capturing
device 100.

Each of the composition data may also contain information
that indicates various types of conditions for depiction of a
cut-out region. The information indicating various conditions
may include, for example, information on screen composi-
tion, area ratio, spatial composition, shape and location, bilat-
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eral symmetry, fractal dimension, color distribution, color
redundancy, and hue, and may also include other information
concerning a cut-out region. The information on screen com-
position indicates arrangement of a main subject in a cut-out
region and a screen split ratio based on the main subject. The
information on area ratio represents a ratio of an image region
area occupied by a main subject in a cut-out region. The
information on spatial composition indicates an area ratio of
an image region occupied by a region other than the main
subject (blank space), and so on. The information on shape
and location shows a shape, a location, and the like of a main
subject in a cut-out region. The information on bilateral sym-
metry represents symmetry of an area of each of main sub-
jects when there is more than one main subject. The informa-
tion on fractal dimension includes information on fractal
dimension of one-dimensional line, relating to coarseness
and fineness of a one-dimensional line (for example, an out-
line or the like between subjects or between a subject and
other space) contained in a cut-out region and complexity of
positional relationship among multiple lines. The informa-
tion on fractal dimension also relates to information on fractal
dimension of two-dimensional luminosity changes, which
relates to changes of luminosity (brightness) of the entire
cut-out region, as well as complexity of such changes. The
information on color distribution represents color distribution
in a cut-out region, a level of cohesion of respective distrib-
uted colors, and complexity of the distribution, and includes
information regarding entropy of color distribution. The
information on color redundancy is information concerning a
level of redundancy of colors in a cut-out region. The hue
information indicates the number of hues contained in a cut-
out region. The feature region judgment unit 6¢ may obtain
composition data of a designated composition and various
conditions contained in the composition data, and judge
whether a synthesis image which is successively generated by
the synthesis unit 65 contains an image region which has a
feature region at a position for a feature region specified by
the various conditions contained in the composition data.

No composition may be designated. For example, the cap-
turing device 100 may contain predetermined composition
data.

The cut-out image generation unit 6/ functions as a cut-out
unit which cuts out a partial image region containing a feature
region from a synthesis image generated by the synthesis unit
6b.

Specifically, for example, when it is judged by the feature
region judgment unit 6¢ that a synthesis image contains an
image region which has a feature region at a location specified
by a designated composition, the cut-out image generation
unit 6/ cuts out a cut-out region from the complete synthesis
image data in accordance with the designated composition.
The cut-out image generation unit 6f outputs data which
corresponds to the partial image region which has been cut
outto the recording medium control unit 9 and has the record-
ing medium 9a store the data as cut-out image data. Inthe case
of an example illustrated in FIG. 9A, a synthesis image Dm
which includes a feature region F contains the whole region of
the cut-out region of the composition V1 in which a position
of a feature region Q1 is specified. In this case, the feature
region judgment unit 6¢ judges that the synthesis image con-
tains an image region which has a feature region at a position
specified by the designated composition. The cut-out image
generation unit 6f cuts out the cut-out region of the composi-
tion V1 from the synthesis image Dm to generate a cut-out
image W1.

When more than one composition is designated, the cut-out
image generation unit 6f executes cut-out processing for each
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of'the compositions, generates plural pieces of cut-out image
data corresponding to the respective compositions, and out-
put the same to the recording medium control unit 9.

When no composition is designated, the cut-out image
generation unit 6/ may generate cut-out image data based on
given conditions. For example, the cut-out image generation
unit 6/ may generate cut-out image data by cutting out a
cut-out region determined based on an instruction input made
by a user through the operation input unit 10, or may generate
cut-out image data by cutting out a rectangular-shaped image
region in the maximum size, which contains a feature region
in a synthesis image.

The timing for the cut-out image generation unit 6f to
generate cut-out image data can be set arbitrarily. For
example, the cut-out image generation unit 6/ may generate
cut-out image data when it is judged that an instruction for
cutting out an image from a synthesis image is inputted
through the operation input unit 10, or may automatically
generate cut-out image data when it is judged by the feature
region judgment unit 6¢ that complete synthesis image data
has been generated according to a designated composition.
The contents of the settings with regard to timing for gener-
ating a cut-out image may be determined depending on, for
example, an instruction inputted through the operation input
unit 10.

The display control unit 7 performs control to read out
reduced image data stored in the image memory 5 and display
a reduced image on the display unit 8.

To be more specific, the display control unit 7 includes a
VRAM, a VRAM controller, a digital video encoder, and so
on. The digital video encoder periodically reads out, through
the VRAM controller, a brightness signal Y and color-differ-
ence signals Cb and Cr of reduced image data which has been
read out from the image memory 5 and stored in the VRAM
(not illustrated) under the control of the central control unit
11. The digital video encoder then generates video signals
based on the data, and outputs the video signals to the display
unit 8. The display control unit 7 also has a function of
causing the display screen of the display unit 8 to display a
live view image based on a plurality of image frames gener-
ated through image capture conducted by the electronic cap-
turing unit 2 and the capturing control unit 3, a REC view
image captured as a real captured image, a synthesis image
from synthesis image data, and so on.

The display unit 8 is, for example, a liquid crystal display
device, and functions as a display unit which displays a
reduced image which corresponds to a synthesis image
sequentially generated by the synthesis unit 65, based on a
video signal from the display control unit 7. The display unit
8 also displays a live view image, a REC view image, a
synthesis image, and the like on the display screen based on a
video signal from the display control unit 7.

When the feature region judgment unit 6c¢ judges that a
feature region is contained in a synthesis image, the display
control unit 7 notifies that a feature region is contained in a
synthesis image by displaying an image region detected as a
feature region in the synthesis image on a reduced image
displayed on the display unit 8 in an identifiable form of
display.

More specifically, for example, as illustrated in FIG. 10, the
display control unit 7 displays a reduced image Hn which
corresponds to a synthesis image Dn on the display screen of
the display unit 8, and also displays on the display screen of
the display unit 8 an indicator G which surrounds a periphery
of'an image region ofthe reduced image Hn, the image region
corresponding to a feature region F in the synthesis image Dn.
This enables the display unit 8 to visually notify a user that a
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feature region is contained in the synthesis image Dn and that
the image region surrounded by the indicator G is the feature
region, thus attracting attention of a user to the fact that a
feature region is contained in a synthesis image. A user, who
has been notified that a feature region is contained in a syn-
thesis image, carries out continuous capturing with reference
to the feature region, which can prevent wasteful capturing of
areas that are unrelated or not very relevant to the feature
region.

Here, in a case where the feature region judgment unit 6¢
judges that a feature region is contained in a synthesis image,
the display control unit 7 and the display unit 8 notify that a
feature region is contained in a synthesis image. The display
control unit 7 may also notify that a feature region is con-
tained in a synthesis image when it is judged by the feature
region judgment unit 6¢ that a synthesis image contains an
image region having a feature region at a position specified by
a designated composition.

A specific example is that, as illustrated in FIG. 11, when it
is judged by the feature region judgment unit 6c¢ that a syn-
thesis image contains an image region having a feature region
at a position specified by a designated composition because
complete synthesis image data corresponding to a designated
composition V1 has been generated, the display control unit 7
displays, on the display screen of the display unit 8, a reduced
image Hm which corresponds to the complete synthesis
image data, as well as the indicator G which surrounds the
periphery of an image region of the reduced image Hm cor-
responding to the image region that is detected as a feature
region. Also, the display control unit 7 displays on the display
screen of the display unit 8 an indicator H indicating that
generation of complete synthesis image data has been com-
pleted. As just described, the display control unit 7 and the
display unit 8 may notify a user that a feature region is
contained in an image region of the complete synthesis image
data, an image region surrounded by the indicator G is a
feature region, and that image capture corresponding to a
designated composition has been completed.

Further, when it is judged by the feature region judgment
unit 6¢, for all of a plurality of compositions, that a synthesis
image contains an image region having a feature region at a
position specified by each ofthe compositions designated, the
display control unit 7 may notify that the feature region is
contained in the synthesis image.

Specifically, for example, as shown in FIG. 12, when it is
judged by the feature region judgment unit 6¢ that a synthesis
image contains an image region having a feature region at a
position specified by a plurality of designated compositions
V1 and V2 because complete image data is generated corre-
sponding to all the compositions, the display control unit 7
displays, on the display screen of the display unit 8, a reduced
image Hq which corresponds to the complete synthesis image
data, and an indicator G which surrounds the periphery of an
image region of the reduced image Hgq, the image region
corresponding to an image region detected as a feature region.
Also, the display control unit 7 displays on the display screen
of'the display unit 8 an indicator H indicating that generation
of complete synthesis image data has been completed. As just
described, the display control unit 7 and the display unit 8
may notify a user that a feature region is contained in an image
region of the complete synthesis image data, an image region
surround by the indicator G is a feature region, and image
capture based on all the designated compositions has been
completed.

Display ofthe notification that a feature region is contained
in a synthesis image by using the display unit 8 was explained
as an example form of notification. However, this is only an

40

45

12

example, and the notification form is not limited thereto and
may be arbitrarily changed as necessary. For example, the
notification may be displayed by painting a feature region
with a given color, or the outline of a feature region may be
displayed in an identifiable manner. When displaying the
outline of a feature region, the outline may be closed so as to
cover the feature region or may be opened. As an exemplary
case where the notification is given by showing an opened
outline of a feature region includes a case where a synthesis
image does not contain the whole feature region.

Any form may be applied to notification that a feature
region is contained in a synthesis image as long as the noti-
fication form can make a user understand and recognize a
feature region through five senses, particularly visual, hear-
ing, and touching senses. For example, presence of a feature
region may be notified by sound (for example, voice), vibra-
tion and so on.

The recording medium control unit 9 has the recording
medium 9a in an attachable/detachable fashion, and controls
reading of data from the recording medium 9a attached and
writing of the data in the recording medium 9a,In other
words, the recording medium control unit 9 causes the record-
ing medium 9a to store recording image data coded by a JPEG
compression unit (not illustrated) of the image processing
unit 6. The recording image data includes cut-out image data.

The recording medium 9« includes, but not limited to, a
non-volatile memory (flash memory) which can be arbitrarily
changed as appropriate.

The operation input unit 10 is used to perform given opera-
tions of the capturing device 100. Specifically, the operation
input unit 10 is provided with a shutter button 10« related to
an instruction of an image capture of a subject, an instruction
button 105 related to selection of capturing modes, functions
and so on, and instruction of a composition on a menu screen,
a zoom button (not illustrated) related to an instruction of
zoom adjustment, and so on. The operation input unit 10
outputs given operation signals to the central control unit 11
depending on operations of these buttons.

Here, the operation input unit 10 functions as a designation
unit which designates at least one composition in which a
position of a feature region in a cut-out region is specified by
the cut-out generation unit 6/

The operation input unit 10 also functions as a unit to input
instructions related to various settings. The various settings
that are made via the operation input unit 10 include, for
example, settings concerning timing to generate cut-out
image data, and settings concerning conditions to stop con-
tinuous capturing (capturing stopping conditions). Examples
of'the settings for the capturing stopping conditions include a
setting to stop capturing when it is judged that a synthesis
image contains an image region having a feature region at a
position specified by a designated composition (or respective
compositions when a plurality of compositions is desig-
nated), or a setting to stop capturing when a user inputs an
instruction to stop capturing through the operation input unit
10.

Ina case where no composition is designated, the capturing
controlunit 3 follows an instruction to stop capturing inputted
through the operation input unit 10, however, may also stop
capturing in accordance with an instruction input through the
operation input unit 10 when a composition is designated.

The central control unit 11 controls each unit of the cap-
turing device 100. Specifically, the central control unit 11 is
provided with a CPU, a RAM, and a ROM (none of them are
illustrated), and executes various control operations accord-
ing to various processing programs (not illustrated) for the
capturing device 100.
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Next, cut-out image generation processing executed by the
capturing device 100 will be explained with reference to the
flowcharts shown in FIGS. 2 and 3.

First, the image obtaining unit 6a sets a counter n for
counting the number of images obtained to a default value 1
(step S1). Then, the first image is captured through collabo-
ration among the lens unit 1, the electronic capturing unit 2,
the capturing control unit 3 and so on (step S2). To be specific,
the electronic capturing unit 2 converts an optical image
which has passed through the various lenses of the lens unit 2
into a two-dimensional image signal, the capturing control
unit 3 has the electronic capturing unit 2 read an image frame
for each screen from a capturing region thereof and output the
image frame to the image data generation unit 4, and the
image data generation unit 4 successively generates image
data from the image frame and successively stores the same in
the image memory 5.

Then, the image obtaining unit 6a reads out the image data
stored in the image memory 5 and obtains the first image (step
S3). The image processing unit 6 adds 1 to the value of the
counter n (step S4).

Thereafter, similarly to capturing of the first image, the nth
image is captured through collaboration among the lens unit
1, the electronic capturing unit 2, the capturing control unit 3
and so on (step S5). Then, the image processing unit 6 reads
out the image data stored in the image memory 5 and obtains
the nth image (step S6).

Next, the synthesis unit 65 generates synthesis image data
by synthesizing a plurality of image (step S7). To be specific,
the synthesis unit 65 executes, for example, block matching
processing for matching the positions of plural pieces of
image data obtained by the image obtaining unit 6a, and
synthesizes partial image regions of the plurality of images
(for example, images P1, Pn, and Pn+1 shown in FIGS. 5A
and 5B) by superimposing and adding those partial regions of
the plurality of images to generate a synthesis image (for
example, a synthesis image Dn in FIGS. 5A and 5B).

Further, as synthesis image data is generated, the synthesis
unit 65 reduces the generated synthesis image data by a given
scale factor in both horizontal and vertical directions, and
generates the reduced image data with low resolutions for
display (step S8). The synthesis unit 65 has the image
memory 5 store the synthesis image data and reduced image
data generated. The display control unit 7 reads out the
reduced image data stored in the image memory 5 and the
displays the reduced image data on the display screen of the
display unit 8 (step S9).

Next, based on feature point data which is stored previ-
ously (for example, feature point data of a facial image), the
feature region detection unit 64 executes feature region detec-
tion processing for detecting an image region of the synthesis
image as a feature region (for example, the feature region F
shown in FIG. 6, and the like), the image region containing
feature points which correspond to the feature point data (step
S10).

The feature region judgment unit 6¢ then judges whether
the feature region is contained in the synthesis image (step
S11). Specifically, in a case where the feature region is
detected by the feature region detection unit 64 in the synthe-
sis image, the feature region judgment unit 6¢ judges that a
feature region is contained in a synthesis image. On the con-
trary, when the feature region is not detected by the feature
region detection unit 6d, the feature region judgment unit 6¢
judges that a feature region is not contained in a synthesis
image.
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In a case where it is judged that a feature region is not
contained in a synthesis image at step S11 (NO at step S11),
the central control unit 11 moves on to the processing of step
S4.

Meanwhile, when it is judged at step S11 that a feature
region is contained in a synthesis image (YES at step S11), the
central control unit 11 causes notification that a feature region
is contained in a synthesis image (step S12). Specifically, for
example, the display control unit 7 has the display screen of
the display unit 8 display the reduced image Hn correspond-
ing to the synthesis image Dn, and also has the display screen
of'the display unit 8 display the indicator G which surrounds
the periphery of'an image region in the reduced image Hn, the
image region corresponding to the feature region F in the
synthesis image Dn (refer to FIG. 10).

Next, the feature region judgment unit 6¢ executes process-
ing to judge capturing stopping conditions (step S13).

The processing to judge capturing stopping conditions will
be explained with reference to the flowchart shown in FIG. 3.

First, the feature region judgment unit 6¢ judges whether a
user has designated any composition (step S21). When it is
judged that a composition has been designated by a user (YES
at step 21), the feature region judgment unit 6¢ judges
whether the user has designated a plurality of compositions
(step S22).

When it is judged at the step S22 that a plurality of com-
positions has been designated by the user (YES at step 22),
the alignment unit 6e, for example, aligns each of the plurality
of designated compositions and the synthesis image as illus-
trated in FIG. 8 (step S23).

Thereafter, the feature region judgment unit 6¢ judges, for
each of the plurality of compositions, whether the synthesis
image generated by the synthesis unit 65 contains an image
region having a feature region at a position specified by each
of the compositions (step S24).

When it is judged at step S24 that the synthesis image
contains an image region which has a feature region at a
position specified by each of the compositions (YES at step
S24), the central control unit 11 notifies that the synthesis
image contains an image region having a feature region at a
position specified for each of the plurality of designated com-
positions (step S25). A specific example is, as illustrated in
FIG. 12, that the display control unit 7 causes the display
screen of the display unit 8 to display a reduced image Hq
which corresponds to the complete synthesis image data, as
well as the indicator G which surrounds the periphery of an
image region of the reduced image Hgq, the image region
corresponding to one detected as a feature region within the
image region of the complete synthesis image data. At the
same time, the display control unit 7 causes the display screen
of'the display unit 8 to display the indicator H which indicates
that generation of the complete synthesis image data has been
completed.

Next, the feature region judgment unit 6c¢ judges that the
capturing stopping conditions are satisfied (step S26), and the
processing to judge capturing stopping conditions is ended.

Meanwhile, when it is judged that the synthesis image does
not contain an image region having a feature region at a
position specified by each of the compositions (NO at step
S24), the feature region judgment unit 6¢ judges that the
capturing stopping conditions are not satisfied (step S27), and
the processing to judge capturing stopping conditions is
ended.

Further, when it is judged at step S22 that a plurality of
compositions are not designated by a user (No at step S22), in
other words, when one composition is designated, the align-
ment unit 6e performs, for example, processing to align the
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designated composition and the synthesis image, as illus-
trated in FIGS. 7A and 7B (step S28).

Next, with regard to the designated composition, the fea-
ture region judgment unit 6c judges whether the synthesis
image generated by the synthesis unit 65 contains an image
region which has a feature region at a position specified by the
composition (step S29).

When it is judged at step S29 that the synthesis image
contains an image region which has a feature region at a
position specified by the composition (YES at step S29), the
central control unit 11 notifies that the synthesis image con-
tains an image region having a feature region at a position
specified by the designated composition (step S30). A specific
example is, as illustrated in FIG. 11, that the display control
unit 7 causes the display screen of the display unit 8 to display
a reduced image Hm which corresponds to the complete
synthesis image data, as well as the indicator G which sur-
rounds the periphery of an image region of the reduced image
Hm, the image region corresponding to one that is detected as
a feature region within the image region of the complete
synthesis image data. At the same time, the display control
unit 7 causes the display screen of the display unit 8 to display
the indicator H which indicates that generation of the com-
plete synthesis image data has been completed.

Next, the feature region judgment unit 6¢ judges that the
capturing stopping conditions are satisfied (step S26), and the
processing to judge capturing stopping conditions is ended.

Meanwhile, when it is judged that the synthesis image does
not contain an image region having a feature region at a
position specified by the composition (NO at step S29), the
feature region judgment unit 6¢ judges that the capturing
stopping conditions are not satisfied (step S27), and the pro-
cessing to judge capturing stopping conditions is ended.

When it is judged at step S21 that no composition has been
designated by a user (NO at step S21), the feature region
judgment unit 6¢ judges whether an instruction to stop cap-
turing has been inputted through the operation input unit 10
(step S31). In a case where it is judged that an instruction
input to stop capturing has been made here (YES at step S31),
the feature region judgment unit 6¢ judges that the capturing
stopping conditions are satisfied (step S26), and the process-
ing to judge capturing stopping conditions is ended. On the
other and, when it is judged at step S31 that an instruction
input to stop capturing has not been made (NO at step S31),
the feature region judgment unit 6¢ judges that the capturing
stopping conditions are not satisfied (step S27), and the pro-
cessing to judge capturing stopping conditions is ended.

After the processing to judge capturing stopping condi-
tions, the capturing control unit 3 judges whether the captur-
ing stopping conditions are satisfied (step S14). When it is
judged here that the capturing stopping conditions are not
satisfied (NO at step S14), the central control unit 11 moves
on to the processing of step S4. In this case, after the central
control unit 11 proceeds to step S4, a new image is captured
and obtained through the processing at steps S5 and S6, and
such image is further synthesized with the existing synthesis
image at step S7. Therefore, a synthesis image generated by
processing at step S7 after the control unit 11 proceeds to step
S4 will become a synthesis image which contains an image
region which is obtained as follows: an image region of the
image that is newly captured and obtained, which does not
overlap the previous synthesis image before proceeding to the
processing of step S4, is added to the image region of the
previous synthesis image before moving to the processing of
S4.

On the other hand, when it is judged at step S14 that the
capturing stopping conditions are satisfied (YES at step S14),
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the capturing control unit 3 stops capturing (step S15). Spe-
cifically, the capturing control unit 3 makes the electronic
capturing unit 2 stop converting an optical image into an
image signal. At the same time, the capturing control unit 3
causes the electronic capturing unit 2 to stop the processing of
reading out an image frame for each screen from the capturing
region thereof and outputting the image frame to image data
generation unit 4.

Next, the cut-out image generation unit 6f generates cut-
out image data obtained by cutting out a partial image region
of the synthesis image, which contains a feature region (step
S16), and the cut-out image generation processing is ended.

To be specific, as illustrated in FIGS. 9A and 9B, the
cut-out image generation unit 6/, for example, cuts out a
cut-out region from the complete synthesis image Dm in
accordance with a designated composition (or each compo-
sition when more than one compositions is designated), out-
puts data which corresponds to the partial cut-out image
(cut-out image W1) to the recording medium control unit 9,
and has the recording medium 9a store the data as the cut-out
image data. Also, when no composition is designated, the
cut-out image generation unit 6/ generates cut-out image data
based on a given condition, such as a cut-out region, judged
by an input made via the operation input unit 10.

As described so far, according to the capturing device 100
of the first embodiment, when it is judged by the feature
region judgment unit 6¢ that a feature region is contained in a
synthesis image, the display control unit 7 and the display unit
8 notify that a feature region is contained in a synthesis image.
Therefore, a user is able to know that a feature region is
contained in a synthesis image. This encourages a user to
capture images of areas related to the feature region, and
prevents wasteful capturing of areas that are not relevant or
tenuously related to the feature region because a user does not
notice that the feature region is contained in the synthesis
image. Hence, a synthesis image can be generated by using a
plurality of images captured by continuous capturing of areas
related to a feature region, and a synthesis image can be
generated more efficiently.

Further, since the cut-out image generation unit 6f cuts out
a partial image region containing a feature region from a
synthesis image generated by the synthesis unit 65, a partial
image region that contains a feature region after removal of
unnecessary image region of the synthesis image can be
obtained as a cut-out image. Also, a partial image region of a
synthesis image, which is more relevant to a feature region,
can be obtained as a cut-out image.

Also, the feature region judgment unit 6¢ judges whether a
synthesis image contains an image region which has a feature
region at a position specified by a composition designated
through the operation input unit 10 every time the synthesis
image is sequentially generated. When it is judged that an
image region having a feature region is contained in the
synthesis image, the display control unit 7 and the display unit
8 notify that a feature region is included in a synthesis image.
Therefore, a user can be informed that capturing in accor-
dance with a designated composition has been completed,
and that it is thus no longer necessary to continue capturing to
obtain images which correspond to the designated composi-
tion. This can properly prevent a user from doing useless
capturing of areas that are irrelevant to the composition.
Hence, a synthesis image can be generated by using a plural-
ity of images captured by continuous capturing of areas
related to a feature region, and a synthesis image can be
generated more efficiently. Yet further, when it is judged by
the feature region judgment unit 6¢ that a synthesis image
contains an image region in a composition which includes a
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feature region, the capturing control unit 3 stops capturing.
Therefore, capturing can be stopped automatically when cap-
turing corresponding to a designated composition is com-
pleted, which can properly prevent a user from continuing
wasteful capturing of areas unrelated to the composition.
Hence, a synthesis image can be generated by using a plural-
ity of images captured by continuous capturing of areas
related to a feature region, and a synthesis image can be
generated more efficiently.

For each of a plurality of compositions designated via the
operation input unit 10, the feature region judgment unit 6¢
judges whether a synthesis image successively generated by
the synthesis unit 65 contains an image region which has a
feature region at a position specified by each of the compo-
sitions. When it is judged that a synthesis image contains an
image region which has a feature region with regard to all of
the plurality of designated compositions, the display control
unit 7 and the display unit 8 notify that a feature region is
contained in a synthesis image. Therefore, a user can be
informed, with regard to all of the plurality of compositions
designated, that capturing in accordance with each of the
compositions has been completed, and that it is thus no longer
necessary to continue capturing to obtain images which cor-
respond to each of the compositions. This can properly pre-
vent a user from doing useless capturing of areas that are
irrelevant to the compositions. Hence, a synthesis image can
be generated by using a plurality of images captured by con-
tinuous capturing of areas related to a feature region, and a
synthesis image can be generated more efficiently.

Furthermore, image regions containing feature regions in
all of a plurality of compositions can be obtained at once by
capturing to generate a single synthesis image. This removes
necessity for continuous capturing of common areas in more
than one composition, and capturing to obtain an image based
on a plurality of compositions can be performed more effec-
tively.

Yet further, the capturing device 100 further includes the
display unit 8 which displays a reduced image of a synthesis
image which is successively generated by the synthesis unit
6b, and a feature region in a reduced image of a synthesis
image displayed on the display unit 8 is shown in an identi-
fiable manner of display. Therefore, a feature region con-
tained in a synthesis image can be notified in a visually
recognizable manner, and a user can be notified of a position
of a feature region in a synthesis image. This encourages a
user to capture areas related to the feature region, and pre-
vents wasteful capturing of areas that are not relevant or
tenuously related to the feature region because a user does not
notice that the feature region is contained in the synthesis
image. Hence, a synthesis image can be generated by using a
plurality of images captured by continuous capturing of areas
related to a feature region, and a synthesis image can be
generated more efficiently. Moreover, since a feature region
includes a facial region, a user can be informed when a facial
image region is contained in a synthesis image, and a user can
be notified that an image of a face has been captured while
generating a synthesis image. This tells a user that a face is
included in a synthesis image, which can encourage the user
to carry out capturing based on a face (for example, capturing
of a body and so on which is connected to the face) and
properly prevent the user from performing wasteful capturing
of areas unrelated to the facial region. Hence, a synthesis
image can be generated by using a plurality of images cap-
tured by continuous capturing of areas related to a feature
region, and a synthesis image can be generated more effi-
ciently.
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It is difficult to previously decide a region to be finally cut
out from a synthesis image because an optimal composition
differs depending on a type of a main subject contained in the
synthesis image, a size of a main subject relative to a back-
ground region, and so on. Accordingly, when a feature region
is contained in a synthesis image, a user is notified that a
feature region is contained in a synthesis image. This can
draw attention of a user to a composition based on the feature
region. Thus, a region of a cut-out image can be determined
corresponding to the composition based on the feature region,
which can encourage a user to capture the areas correspond-
ing to the cut-out region of the image only. In other words,
wasteful capturing of areas which are not contained in the
region of the cut-outimage can be properly prevented. Hence,
a synthesis image can be generated by using a plurality of
images captured by continuous capturing of areas related to a
feature region, and a synthesis image can be generated more
efficiently. Further, if capturing of an area that is not con-
tained in a region of a final cut-out image is continued unnec-
essarily, a considerably large synthesis image is generated by
synthesizing images obtained from unnecessarily continued
capturing, and a memory with an unnecessarily large space is
required in order to store the very large synthesis image
temporarily, causing cost increases. As previously stated,
since the capturing device 100 can properly prevent unnec-
essary capturing of areas that are not included in a region of a
cut-out image, a region which is not contained in a final
cut-out image region in a synthesis image can be minimized,
and a data size of a synthesis image can be reduced to a
minimum level. Therefore, a storage space of a memory
required for storing synthesis images can be small, thus
reducing costs. Since the data size of a synthesis image is
small, loads of various processing including processing for
successive generation of synthesis images and cut-out pro-
cessing can be reduced further, thus speeding up such pro-
cessing.

Also, since a synthesis image containing a feature region
can be obtained, a synthesis image can be generated which
contains a feature region made of a wide image region that
cannot be obtained from one image capture. Moreover, in a
case where there is a limit to zoom scale in trying to keep a
feature region within a region obtained from one image cap-
ture, image capture of the feature region is divided into mul-
tiple times. Thus, a synthesis image can be generated which
contains a feature region with a higher definition captured at
ahigher zoom scale. This way, an image containing a feature
region can be captured in variety of ways.

[Second Embodiment]

Next, a capturing device 200 according to a second
embodiment will be explained. In addition to the character-
istics of the capturing device 100 according to the first
embodiment, the capturing device 200 has a characteristic
that a capturing area is changed based on a position of a
feature region in a synthesis image when it is judged that the
synthesis image contains a feature region.

FIG. 13 is a block diagram illustrating a schematic con-
figuration of the capturing device 200 according to the second
embodiment to which the present invention is applied. The
constituents of the capturing device 200 similar to those of the
capturing device 100 are denoted with the same numerals and
explanation thereof is omitted.

The capturing device 200 according to the second embodi-
ment further includes a driving unit 12 in addition to the
configuration of the capturing device 100 of the first embodi-
ment.

The driving unit 12 changes areas captured by the captur-
ing device 200 under control of a capturing control unit 3.
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Specifically, the driving unit 12 is, for example, an actuator
which conducts operations to change orientation, angle, and
so on of the capturing device 200 which is supported by a
supporting part (not illustrated) such as a tripod stand that is
connected to the capturing device 200. This means that the
driving unit 12 changes an area of an optical image which
passes thorough a lens unit 1, in other words, capturing areas,
by changing orientations, angles, and so on of the lens unit 1
and an electronic capturing unit 2 with respect to the support-
ing part through the operations. Due to such operations of the
driving unit 12, a plurality of pieces of image data can be
automatically captured continuously based on a feature
region without needing manual operations by a user to change
position, angle, and so on of the capturing device 200.

When it is judged by a feature region judgment unit 6¢ that
a feature region is contained in a synthesis image, a capturing
control unit 3 according to the second embodiment changes
capturing areas based on the position of the feature region in
the synthesis image.

To be specific, for example, the capturing control unit 3
controls operations of the driving unit 12 so as to perform
sequential capturing of a feature region and a region contain-
ing the periphery of the feature region, based on the orienta-
tion and angle of the lens unit 1 of the capturing device 200
when the feature region is captured. Simultaneously, the cap-
turing control unit 3 causes the electronic capturing unit 2 to
read out an image frame for each screen from the capturing
region thereof and successively output the image frames to an
image data generation unit 4. Thus, the capturing control unit
3 conducts continuous capturing while changing capturing
areas.

After an instruction is inputted to begin continuous captur-
ing, the capturing control unit 3 according to the second
embodiment automatically conducts continuous capturing by
conducting automatic control of operations of the lens unit 1,
the electronic capturing unit 2, the driving unit 12, and so on.
Then, when it is judged by the feature region judgment unit 6¢
that a feature region is contained in a synthesis image, the
capturing control unit 3 changes capturing areas automati-
cally based on the position of the feature region in the syn-
thesis image.

The configuration of the base for the capturing device 200
to change capturing areas through the operations of the driv-
ing unit 12 is not limited to a tripod stand, and may be
provided arbitrarily. For instance, like a surveillance camera,
the capturing device 200 may be supported by a support
member provided on an upper side of the capturing device in
a manner that can change capturing areas.

The capturing device 200 may further include an identify-
ing unit (for example, a triaxial sensor) for identifying orien-
tation and angle of the lens unit 1. In this case, when a feature
region is captured by the capturing unit (for example, the lens
unit 1) in an orientation and at an angle identified by the
identifying unit, the capturing control unit may identity the
orientation and angle of the lens unit 1 of the capturing device
200 and control operations of the driving unit 12 so as to
perform sequential capturing of the feature region and an area
which contains the periphery of the feature region based on
the identified angle. Also, the orientation and angle of the lens
unit 1 may be identified by the identifying unit while the
operations of the driving unit 12 are controlled, and the iden-
tified orientation and angle may be used for control of the
operations of the driving unit 12 in order to conduct sequen-
tial capturing of the feature region and the area containing the
periphery of the feature region.

The capturing control unit 3 may also change capturing
areas captured by the capturing unit so that a synthesis image
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generated by a synthesis unit 65 includes an image region in
a composition where a feature region is present at a given
position.

Specifically, for example, when a composition is desig-
nated by an instruction input or the like through an operation
input unit 10, the capturing control unit 3 controls operations
of the driving unit 12 so that a synthesis image contains an
image region in which a feature region is present at a position
specified by the designated composition. At the same time,
the capturing control unit 3 causes the electronic capturing
unit 2 to read out an image frame for each screen from the
capturing region thereof and successively output the image
frames to the image data generation unit 4.

When it is judged whether a synthesis image contains an
image region in a composition where a feature region is
present at a given position every time the synthesis image is
sequentially generated by the synthesis unit 65, and when it is
judged that a synthesis image contains an image region in a
composition where a feature region exists at the given loca-
tion, the capturing control unit 3 may stop capturing.

Specifically, for example, every time a synthesis image is
generated by the synthesis unit 65, a feature region detection
unit 64 executes processing to detect a feature region. Based
on the result of the feature region detection processing, it is
judged by the feature region judgment unit 6¢ whether the
synthesis image contains an image region in such a compo-
sition that includes a feature region. When it is judged that the
synthesis image contains the image region in a composition
which includes a feature region, the capturing control unit 3
may cause the electronic capturing unit 2 to stop conversion
of an optical image into an image signal, and cause the elec-
tronic capturing unit 2 to stop the processing to read out an
image frame for each screen from the capturing region thereof
and output the image frame to the image data generation unit
4. The capturing control unit 3 may control changes of cap-
turing areas and stops of capturing based on not only a com-
position designated through the operation input unit 10, but
also a composition adopted in some way (for example, a
preset composition), in which a feature region is present at a
given position.

Further, changes of capturing areas by using the aforemen-
tioned driving unit 12 are only an example and the present
invention is not limited thereto. For example, an actuator or
the like may be provided which changes the positions and
angles of the lens unit 1 and the electronic capturing unit 2
with respect to the capturing device 200, and the orientations,
angles, and so on of the lens unit 1 and the electronic captur-
ing unit 2 to the capturing device 200 may be changed as the
capturing control unit 3 controls operations of the actuator.

Changes of capturing area are not limited to changes of
orientations and angles of image capture. For example, the
capturing control unit 3 may change capturing areas by
changing a zoom level of the lens unit 1.

Next, cut-out image generation processing executed by the
capturing device 200 according to the second embodiment
will be explained with reference to the flowchart shown in
FIG. 14. The processing steps similar to those of the capturing
device 100 of the first embodiment will be given the same
numerals and explanation thereof will be omitted.

The capturing device 200 according to the second embodi-
ment executes processing of step S1 through step S3 which
proceed like those of the capturing device 100 of the first
embodiment.

In the capturing device 200 of the second embodiment, the
capturing control unit 3 automatically changes capturing
areas after the processing of step S3, in other words, after the
first image is obtained (step S41). In the processing of step
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S41, the capturing control unit 3, for example, changes cap-
turing areas depending on a given pattern for changing cap-
turing areas. Here, the given pattern for changing capturing
areas may be stored in a non-illustrated storage device (for
example, a flash memory) and so on included in the capturing
device 200 in advance, or may be set by a user through the
operation input unit 10 or the like before starting capturing.

After the processing of step S41, the capturing device 200
according to the second embodiment proceeds to processing
of'step S4, in other words, processing to add 1 to the value of
acounter n. The capturing device 200 according to the second
embodiment executes processing of steps S4 through step
S10in a similar way to those executed by the capturing device
100 according to the first embodiment.

A judgment is made at step S11, in other words, a judgment
is made by the feature region judgment unit 6¢ whether a
synthesis image contains a feature region. When it is judged
here that a synthesis image does not contain a feature region
(No at step S11), the capturing device 200 of the second
embodiment moves on to processing of step S41. That means,
when it is judged that a feature region is not contained in a
synthesis image, the capturing device 200 according to the
second embodiment conducts consecutive capturing while
the capturing control unit 3 continues to change capturing
areas in accordance with a given pattern for changing captur-
ing areas.

Meanwhile, when it is judged that a feature region is con-
tained in a synthesis image in the judgment processing of step
S11 (YES at step S11), the capturing device 200 according to
the second embodiment makes notification similar to the
capturing device 100 of the first embodiment, in other words,
the notification that a feature region is contained in a synthesis
image (step S12).

After the processing of step S12, the capturing device 200
according to the second embodiment causes the capturing
control unit 3 to change capturing areas based on the feature
region (step S42).

Specifically, for example, the capturing control unit 3 con-
trols operations of the driving unit 12 so as to sequentially
capture the feature region and an area containing the periph-
ery of the feature region, based on the orientation and angle of
the lens unit 1 of the capturing device 200 when the feature
region is captured. Further, when a composition is designated,
the capturing control unit 3 may control operations of the
driving unit 12 such that a synthesis image contains an image
region where a feature region is present at a position specified
by the designated composition, in accordance with results of
processing of step S23 and alignment processing at step S28.

After the processing of step S42, the capturing device 100
according to the second embodiment proceeds to processing
of step S13, in other words, processing to judge capturing
stopping conditions.

There is a judgment process at step S14 after the processing
to judge capturing stopping conditions is ended, in other
words, there is a judgment process conducted by the captur-
ing control unit 3 regarding whether capturing stopping con-
ditions are satisfied. When it is judged here that the capturing
stopping conditions are not satisfied (NO at step S14), the
central control unit 11 moves on to processing of step S4. That
means, when it is judged that a feature region is contained in
a synthesis image, the capturing device 200 of the second
embodiment causes the capturing control unit 3 to terminate
change of capturing areas in accordance with a given pattern
of capturing area changes, and conducts consecutive captur-
ing based on the feature region.

On the contrary, when it is judged at step S14 that the
capturing stopping conditions are satisfied (YES at step S14),
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the capturing control unit 3 stops capturing (step S15) and
generates cut-out image data (step S16) like the capturing
device 100 of the first embodiment.

As described above, according to the capturing device 200
of the second embodiment, when it is judged by the feature
region judgment unit 6¢ that a feature region is contained in a
synthesis image, the capturing control unit 3 changes captur-
ing areas captured by the capturing unit based on the position
of the feature region in the synthesis image. Therefore, in
addition to the effects produced by the capturing device 100
according to the first embodiment, a plurality of images cap-
tured based on the feature region can be obtained automati-
cally, and a synthesis image made of the plurality of images
captured based on the feature region can be easily generated.
This means that areas irrelevant or tenuously related to the
feature region are no longer captured wastetfully, thus prop-
erly preventing useless capturing. Hence, a synthesis image
can be generated by using a plurality of images captured by
continuous capturing of areas related to a feature region, and
a synthesis image can be generated more efficiently.

Further, the capturing control unit 3 changes capturing
areas captured by the capturing unit such that a synthesis
image contains an image region in a composition where a
feature region is present at a given position. Therefore, cap-
turing can be conducted automatically to generate a synthesis
image which contains an image region in the composition,
and, at the same time, areas that are not contained in the
composition are no longer uselessly imaged, thus properly
preventing wasteful capturing. Hence, a synthesis image can
be generated by using a plurality of images captured by con-
tinuous capturing of areas related to a feature region, and a
synthesis image can be generated more efficiently.

Yet further, the feature region judgment unit 6¢ judges
whether a synthesis image contains an image area in a com-
position in which a feature region is present at a given posi-
tion, and, when it is judged by the feature region judgment
unit 6¢ that the synthesis image contains an image region in a
composition in which a feature region is present at a given
position, the capturing control unit 3 stops capturing.

Therefore, capturing can be automatically stopped at a
point when capturing to generate a synthesis image contain-
ing an image region in said composition is completed. There-
fore, continuous capturing of areas which are not contained in
the composition is no longer uselessly conducted, thus prop-
erly preventing wasteful capturing. Hence, a synthesis image
can be generated by using a plurality of images captured by
continuous capturing of areas related to a feature region, and
a synthesis image can be generated more efficiently.

Also, since the capturing control unit 3 controls capturing
orientations, capturing areas can be changed based on a fea-
ture region without changing the position of the capturing
device 200. Therefore, capturing areas can be changed even
when capturing is performed without moving the capturing
device 200 from a given position by, for example, supporting
the capturing device 200 with a tripod stand, and the like.

It should be noted that the present invention is not limited
to the aforementioned embodiments, and various improve-
ments and design changes may be made without departing
from the spirit and scope of the invention.

For example, a plurality of images used to generate a syn-
thesis image may be captured in different zoom scales. An
example thereof is that the capturing device 100 may obtain
high-definition images in a relatively large zoom scale for a
feature region and an image region containing the periphery
of the feature region, and may obtain images in a relatively
small scale for the rest of the regions of the synthesis image.
In this case, it is preferred that the synthesis unit 65 execute
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image processing (reduction or enlargement) in order to unify
the sizes of image regions corresponding to the plural pieces
of image data to be synthesized.

The plurality of images used for generating a synthesis
image may include a plurality of images captured by two or
more capturing unit, respectively. For example, the capturing
device may be provided with two or more lens units, elec-
tronic capturing units, and so on, and, a plurality of images
may be generated by each of the lens units and electronic
capturing units through continuous capturing by successively
generating the plurality of images from frame images gener-
ated by each of the lens units and electronic capturing units.

Further, data such as reference data which contains infor-
mation concerning a specific subject detected and judged as a
feature region may be corresponded with feature point data.
In this case, the reference data contains, for example, infor-
mation which indicates the type of image region of the feature
region detected and judged based on the feature point data.
Also, pertaining to notification that a feature region is con-
tained in a synthesis image, notification is made based on the
reference data. For instance, in a case where an image region
detected as a feature region is a facial region of one of user’s
family members, data of the family member is contained in
the reference data, and, pertaining to notification that the
facial region of the family member is contained in a synthesis
image, it is notified that the feature region is contained in a
synthesis image because an image of the user’s family mem-
ber is captured.

Furthermore, the configurations of the aforementioned
embodiments are realized by, but not limited to, driving the
image obtaining unit 6a, the synthesis unit 65, the feature
region judgment unit 6¢ of the image processing unit 6, the
display control unit 7, the display unit 8, and so on under the
control of the CPU of the central control unit 11. The con-
figurations of the embodiments may also be realized by the
CPU executing given programs.

Thus, a program memory (not illustrated) which stores
programs may store programs including an obtaining routine,
a generation routine, a judgment routine, and a notification
routine. The obtaining routine may have the CPU succes-
sively obtain a plurality of images continuously captured by
capturing unit. Further, the generation routine may have the
CPU successively generate a synthesis image by superimpos-
ing and adding partial regions of the plurality of images
obtained. Yet further, the judgment routine may have the CPU
judge whether a synthesis image contains a feature region
having a given feature every time a synthesis image is gener-
ated. Furthermore, the notification routine may have CPU
notify that a feature region is contained in a synthesis image
when the feature region is contained in the synthesis image.

Similarly, other processing executed by the other constitu-
ents of the capturing devices 100 and 200 may be realized by
the CPU executing given programs, and the like.

Moreover, as a computer-readable medium which stores
programs for executing the above-mentioned processing, a
non-volatile memory such as a flash memory, and a portable
recording medium such as a CD-ROM can be adopted in
addition to a ROM, a hard disc, and so on.

What is claimed is:
1. An image processing device, comprising:
a processor which is configured to:
control an image sensor to successively capture a plu-
rality of images;
partially superimpose the plurality of captured images to
generate a synthesis image such that an additional one
of the plurality of images is added to the synthesis
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image generated at that point, each time the image
sensor captures the additional one of the plurality of
images;

designate a composition which specifies a size of a com-
position region and a position of at least one prede-
termined feature region within the composition
region, the composition region being an image region
of the synthesis image to be generated, wherein the
processor is configured to designate the composition
before generation of a final synthesis image is com-
pleted;

successively judge, after an additional one of the plural-
ity of images is added to the synthesis image, whether
the synthesis image generated at that point contains
the composition region having the size specified by
the designated composition and including therein the
predetermined feature region at the position specified
by the designated composition, wherein the compo-
sition region is larger than an image region which can
be acquired by a single image capture by the image
sensor, and the composition region includes image
data of the synthesis image corresponding at least
partially to portions of the plurality of captured
images which are superimposed with each other and
at least a part of'a most recently added additional one
of'the plurality of images which is not superimposed;
and

control a predetermined processing to be executed when
it is judged that the synthesis image contains the com-
position region having the size specified by the des-
ignated composition and including therein the prede-
termined feature region at the position specified by
the designated composition, using the synthesis
image generated at that point as the final synthesis
image.

2. The image processing device according to claim 1,
wherein the processor is further configured to cut out a partial
image region of the generated synthesis image, the partial
image region containing the feature region,

wherein, when the processor judges that the composition

region is contained in the synthesis image, the processor
cuts out the partial image region, using the synthesis
image generated at that point.

3. The image processing device according to claim 1,
wherein the processor stops performing synthesis when the
composition region is judged to be contained in the synthesis
image, and continues performing the synthesis while the
composition region is judged not to be contained in the syn-
thesis image.

4. The image processing device according to claim 1,
wherein, when the processor judges that the composition
region is contained in the synthesis image, the processor
issues a notification indicating that the feature region is con-
tained in the synthesis image.

5. The image processing device according to claim 4,
wherein:

the processor judges whether the synthesis image contains

the composition region every time the synthesis image is
generated, and

when the processor judges that the synthesis image con-

tains the composition region, the processor issues the
notification indicating that the synthesis image contains
the feature region.

6. The image processing device according to claim 1,
wherein the processor stops capturing performed by the
image sensor, when the processor judges that the synthesis
image contains the composition region.
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7. The image processing device according to claim 6,
wherein, when the processor judges that the synthesis image
contains the composition region with regard to all of the
plurality of designated compositions the processor issues the
notification indicating that the synthesis image contains the
feature region.
8. The image processing device according to claim 1,
wherein:
the processor further judges, for each of a plurality of
designated compositions, whether the composition
region is included in the generated synthesis image, and

when the processor judges that the synthesis image con-
tains the composition region, the processor performs
control to execute the predetermined processing using
the synthesis image generated at that point.

9. The image processing device according to claim 1,
wherein the processor changes an area to be captured by the
image sensor, based on a position of the feature region in the
synthesis image, when the processor judges that the feature
region is contained in the synthesis image.

10. The image processing device according to claim 9,
wherein the processor further changes an area to be captured
by the image sensor so that the generated synthesis image
contains the composition region.

11. The image processing device according to claim 10,
wherein: the processer judges whether the synthesis image
contains the composition region every time the synthesis
image is generated by the processor, and the processor stops
capturing performed by the image sensor, when the processor
judges that the synthesis image contains the composition
region.

12. The image processing device according to claim 9,
wherein the processor controls a capturing orientation of the
image sensor.

13. The image processing device according to claim 1,
further comprising a display which displays the synthesis
image generated by the processor, wherein the processor
issues the notification indicating that the feature region is
contained in the synthesis image, by displaying the feature
region on the synthesis image displayed by the display in an
identifiable form of display.

14. The image processing device according to claim 1,
wherein the feature region includes a facial region.

15. The image processing device according to claim 1,
wherein:

the processor arbitrarily designates both of a kind of the

predetermined feature region and the position of the
predetermined feature region, independently, in the
composition region, by designation of the composition,
and

the processor judges whether the synthesis image contains

the composition region having the predetermined fea-
ture region of the designated kind at the designated
position, when the synthesis image is generated.

16. The image processing device according to claim 1,
wherein:

the processor simultaneously designates a plurality of

compositions in each of which the predetermined fea-
ture region has a different size and a different position in
the composition region, and

when the synthesis image is generated, the processor

judges whether the synthesis image contains a compo-
sition region having the predetermined feature region of
the size specified by any of the compositions, at the
position specified by the any of the compositions, the
compositions being designated by the processor.

17. The image processing device according to claim 1,
wherein the processor issues the notification indicating that
the composition region is contained in the synthesis image
before superimposing a subsequent additional one of the plu-
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rality of images and when it is judged that the composition
region is contained in the synthesis image.

18. The image processing device according to claim 1,

wherein:

the designated composition further specifies a size of the
predetermined feature region in the composition region,
and

the processor judges, each time the additional one of the

plurality of images is added to the synthesis image,
whether the synthesis image generated at that point con-
tains the composition region having the size specified by
the designated composition and including the predeter-
mined feature region at the position and having the size
specified by the designated composition.

19. An image processing method by an image processing
device, the method comprising:

successively capturing a plurality of images with an image

sensor;

designating a composition which specifies a size of a com-

positionregion and a position of a predetermined feature
region within the composition region, the composition
region being an image region of a synthesis image to be
generated by partially superimposing the plurality of
captured images, wherein the composition is designated
before generation of a final synthesis image is com-
pleted;

partially superimposing the plurality of captured images to

generate the synthesis image such that an additional one
ofthe plurality of images is added to the synthesis image
generated at that point, each time the additional one of
the plurality of images is captured;

successively judging, after an additional one of the plural-

ity of images is added to the synthesis image, whether
the synthesis image generated at that point contains the
composition region having the size specified by the des-
ignated composition and including therein the predeter-
mined feature region at the position specified by the
designated composition, wherein the composition
region is larger than an image region which can be
acquired by a single image capture by the image sensor,
and the composition region includes image data of the
synthesis image corresponding at least partially to por-
tions of the plurality of captured images which are super-
imposed with each other and at least a part of a most
recently added additional one of the plurality of images
which is not superimposed; and

controlling a predetermined processing be executed when

the synthesis image is judged to contain the composition
region having the size specified by the designated com-
position and including therein the predetermined feature
region at the position specified by the designated com-
position, using the synthesis image generated at that
point as the final synthesis image.

20. A non-transitory computer-readable medium having
stored thereon a program that is executable by a computer of
an image processing device to cause the computer to perform
functions comprising:

successively capturing a plurality of images with an image

sensor;

designating a composition which specifies a size of a com-

positionregion and a position of a predetermined feature
region within the composition region, the composition
region being an image region of a synthesis image to be
generated by partially superimposing the plurality of
captured images, wherein the composition is designated
before generation of a final synthesis image is com-
pleted;

partially superimposing the plurality of captured images to

generate the synthesis image such that an additional one
ofthe plurality of images is added to the synthesis image
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generated at that point, each time the additional one of
the plurality of images is captured;

successively judging, after an additional one of the plural-
ity of images is added to the synthesis image, whether
the synthesis image generated at that point contains the 5
composition region having the size specified by the des-
ignated composition and including therein the predeter-
mined feature region at the position specified by the
designated composition, wherein the composition
region is larger than an image region which can be 10
acquired by a single image capture by the image sensor,
and the composition region includes image data of the
synthesis image corresponding at least partially to por-
tions of the plurality of captured images which are super-
imposed with each other and at least a part of a most 15
recently added additional one of the plurality of images
which is not superimposed; and

controlling a predetermined processing be executed when
the synthesis image is judged to contain the composition
region having the size specified by the designated com- 20
position and including therein the predetermined feature
region at the position specified by the designated com-
position, using the synthesis image generated at that
point as the final synthesis image.

#* #* #* #* #* 25



